SUMMARY Forty-three patients with multiple sclerosis showed disturbances in short-term memory, learning, and delayed recall which were associated with years of active disease (average was 4.5 years), age, presence of flareup, but not steroid/ACTH treatment. Unrecognised memory loss might be prevalent early in the natural history of multiple sclerosis and deserves neuropsychological assessment.
Cognitive decline commonly occurs in the later stages of multiple sclerosis. ' In the past three decades some of the qualitative and quantitative features of cognitive change have been delineated through neuropsychological inquiry. Many investigations of intelligence in multiple sclerosis have concluded that patients with demyelination show disproportionate drops in peformance IQ while maintaining relatively good verbal skills.2 More comprehensive neuropsychological studies, utilising procedures such as the Halstead-Reitan Battery revealed patients with multiple sclerosis to have marked motor and perceptual-motor integrative deficits, generally intact verbal-language skills, and variable decrements in abstracting ability. 3'0 A century has passed since Charcot first observed "enfeeblement of memory" in his patients" and " 12 Gowers wrote of their "failure of memory".
Despite this, the neuropsychological research reviewed above has been singularly lacking in systematic assessment of memory. Surridge '3 noted from structured psychiatric examination that approximately two-thirds of his patients showed intellectual decline, with amnesia being a central problem. Jambor's'4 related psychometric study found deficits in sentence learning and delayed recall of nonverbal information. These observations were based on a group of patients about half of whom had the disease 6-10 years, and a third, 11 years or longer.
Beatty and Gangel' examined a group of patients who were ill for approximately nine years. They found deficiencies in learning word lists and in delayed recall of a short story. Staples and Lincoln '6 showed that multiple sclerosis patients with severe disability had worse learning and delayed recall both on verbal and nonverbal tasks, when compared to a matched sample of patients with muscular dystrophy.
These few systematic studies appear to confirm clinical observations and patient self-reports of impaired memory in association with established and advanced multiple sclerosis. The purpose of this study has been to expand our understanding of memory pathology in multiple sclerosis by: (1) examining a more complete range of memory processes than has been attempted heretofore; (2) Deficient learning and memory in early and middle phases of multiple sclerosis ity carried the diagnosis for less than 5 years. The mean number of years of active disease (defined as number of years in which the patient reported at least one week's duration of symptoms) was 4-47 ± 3 56, with a range of 1-15 years. Fifty-two patients were examined initially, but nine were later excluded because they failed to meet the diagnostic criteria of "early probable" or "clinically definite" multiple sclerosis. '7 The specific reasons for exclusion were possible multiple sclerosis (N = 6), uncertain diagnosis (N = 1), demyelination confounded by another neurological disorder (N = 1), and establishment after enrollment of another definite diagnosis (N = 1). For the retained patients, the distribution of diagnoses, based on a careful review of all clinical and laboratory data by one of the authors (WIMcD) was: 31 patients with clinically definite multiple sclerosis; one patient with early progressive multiple sclerosis; and 11 patients with probable multiple sclerosis. There were 27 women and 16 men, and their age was 37-8 ± 10-2 (range (20) Verbal Learning and Delayed Recall We selected one of the prose passages from the WMS, read it to our subjects, asked them to repeat the passage verbatim after a 10 second delay, and immediately scored the number of memories produced. For the story, 22 (21) (22) The Brown-Peterson distractor technique is a measure of short-term retention, and has been widely used as a test of short-term memory. Subjects were shown a card containing three consonants (a consonant trigram). There were two experimental manoeuvres which could, theoretically, either facilitate or interfere with short-term retention. To determine whether retention could be facilitated by rehearsal in our patients, they were required sometimes to recollect the trigram immediately after presentation, sometimes after a 2 second delay and other times after a 4 second delay. To determine our patients' sensitivity to "proactive interference" they were sometimes required to recollect the trigram after periods of 3, 6, 9 or 18 seconds of counting backwards by threes; other times no counting was required. There were 30 trigrams presented, randomised across the three rehearsal and five interference conditions. Subjects were allowed a rest period of 6 seconds between trials. The specific modification of the BrownPeterson technique is very similar to the one employed by Butters and Deficient learning and memory in early and middle phases of multiple sclerosis inference is supported by the higher level of statistical separation between performance of patients and nonpatients on the Brown-Peterson "with interference" score than with the "no interference" condition (table 1) . Opportunity for rehearsal up to 4 seconds appears to be somewhat, but not dramatically helpful in improving patients' performance.
Turning to learning and delayed recall, it will be seen that patients showed worse immediate recall of both verbal and visual information; they also showed impaired learning in both modalities, since they required more trials to reach the preestablished criterion; finally, although all but two patients did in fact reach the criterion, and many, by virtue of having had more trials received more exposure to the material, patients nevertheless recalled fewer bits of information after 45 min than did their nonpatient counter-parts. showed that under the simplest learning conditions (no interference) years of active disease provided the greatest explanatory power; as the complexity of the task increased (9 seconds of counting backwards interference) years of active disease, native intelligence (education) and acute/quiescent status all became important. At the most complex level (18 seconds interference) the equation became insignificant. This is explained by the fact that the 18 second condition was so difficult that even nonpatients had problems scoring well on it; indeed, we found no difference between patients and controls on the 18 second interference trial.
Equations which attempted to predict Wechsler memory scores from these four variables failed to reach significance. At the same time, vocabulary score was significantly predicted by education, flareup, and years of active disease.
When we constructed a new set of equations entering medicated/unmedicated status (and dropping out education in order to keep the number of predictor variables to a manageable number) we found that the presence of ACTH or steroids did not provide any additional (unique) explanatory power in the neuropsychological performance of our patients. We believe this to be a reflection of the fact that medication status is very highly correlated with flareup status (X2 = 10-1, p < 0 002).
Discussion
The results of our study suggest that patients in early and middle phases of multiple sclerosis, beyond exhibiting some of the expected impairments in psychomotor functioning, also suffer decrements in the major domains of memory functioning. These include disturbances in short-term memory, learning, and delayed recall of learned material. It appears that verbal and nonverbal memory are affected equally. Efficiency of short-term retention seems to be particularly vulnerable to the effects of proactive interference, and the opportunity to rehearse for up to 4 seconds does not appear to be substantially helpful in correcting this difficulty with 253 254 short-term retention. It appears further thal the defect in short-term storage of information is related to the number of years that a patient's disease has been active, and to the activity of the disease (flareup vs quiescence) at the time of testing. Medication with ACTH or steroids, on the other hand, does not appear to explain short-term retention deficit; but this might be due to our difficulty in disentangling the possible independent effects of acute flareup and drugs prescribed for that flareup.
How do our findings relate to previous studies of memory functioning in multiple sclerosis? As we indicated in our introductory remarks, very few neuropsychological studies of this disorder performed systematic explorations of memory. Surridge'3 performed ratings of memory on his 108 patients on the basis of a clinical psychiatric examination. He reported that approximately two-thirds of his patients had some intellectual deterioration, and that the typical difficulty was amnesia. The companion study by Jambor'4 examined most of these same patients with several formal memory tests. Jambor found that multiple sclerosis patients had difficulties with a sentence learning task, requiring more trials than controls to learn the Babcock Sentences. This result is comparable to our present observation that patients with multiple sclerosis required more trials to learn our prose passage. Jambor also reported that his patients had difficulties on a task involving delayed recall of pictures. This appears similar to our observation that delayed recall of figures is impaired in multiple sclerosis, but the lack of detail in Jambor's report makes direct comparison of our results problematic. In relating these Surridge and Jambor data to our own, it is important to recognise that their patients were, in general, ill for substantially longer periods than ours. For example, approximately half of their patients were ill for 6 to 10 years, and another third had the disease for 11 to 25 years. In contrast, 60% of our patients were within the first five years of their initial diagnosis, 30% were 6 to 10 years post diagnosis, and only 10% were 11 to 15 years post diagnosis. The fact that we found our sample to have memory difficulties which were qualitatively similar to those of Surridge and Jambor suggests that memory disturbance might begin evolving relatively early in the natural history of multiple sclerosis.
The second systematic study of memory in multiple sclerosis was that of Beatty and Gange'5 whose 26 patients had a mean disease length of 9 years. The task they employed, which involved free recall of 24 words presented at 2 second intervals for four trials, is not directly comparable to our procedure, though it probably has most in common with our story learning to criterion technique. These authors Grant, McDonald, Trimble, Smith, Reed found that their patients recalled significantly fewer words over the four trials than did their controls, and that although the patients benefited somewhat from repeated testing, they did not gain at the same rate as the nonpatients. Beatty and Gange's multiple sclerosis patients were also deficient on a verbal delayed recall task, which consisted of 25 multiple choice questions about a short story presented 30 min previously. This finding is consistent with our observation that patients had difficulty recalling a prose paragraph after 45 min.
The third neuropsychological study to assess learning and memory was that of Staples and Lincoln. ' We consider that our findings both confirm and extend the results of these several previous investigations into the nature of memory disturbance in multiple sclerosis. Our study is distinctive in two respects. It is the first of which we are aware that has focused on processes of short-term memory, which are presumed to reflect the initial encoding of information. Although the neuroanatomic underpinnings of memory are still imperfectly understood, it is thought that the lesions of the dorsomedial thalamic nuclei are especially likely to be associated with deficits in learning, whereas medial temporal lobe pathology interferes with ability to recall information which was once learned. In the latter instance, there appears to be a lateralisation of function such that recall of verbal material is influenced by the left temporal lobe, while recall of nonverbal material is related to right temporal function.24 If these neuroanatomic models are correct, then our findings would suggest that many of our patients have foci of demyelination in the diencephalon while others may have lesions bilaterally in the hippocampus and related temporal structures. Unfor-
